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ABSTRACT: The vibrational frequencies of Ce (NQO)1 where NQO = 1,2-napthoquinone - 1- oxime, were 
calculated using Gaussian 09 W software code, using  HF / SDD  basic set to expected the molecular 
structure. The fundamental modes were assigned by using animation software. The calculated frequencies 
were in good conformity with the experimental values. The study was extended to calculate the bond angle, 
bond length and Mullikan atomic charges. Optimized geometrical parameters of the titled compound were in 
agreement with reported structure.       
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1. INTRODUCTION 
The chemistry of co-ordination compounds has 
demonstrates a rapid development in miscellaneous 
discipline as a result of possible use of these new 
compounds in biological applications. Interest in 
naphthquinones of the 1, 2- naphthoquinone arise 
due to biological importance. These ligands played 
very important role in the dye industry and 
medicinal chemistry [1-2]. Oximes and dioxime 
has been used as chelating ligand in the field of co-
ordination chemistry and their corresponding metal 
chelates have been of great interest. Tugba Tugsuz 
and Fatma Serin reported  about  DFT study of the 
structures and absorption spectra of the  M-1-
nitroso-2- naphthol compounds ( M = Ni, Cu, Cr, 
Cd, Pb) [3]. Krazan et. al reported that theoretical 
study  and tautomerism of nitroso-naphthols [4]. 
The conjugated structure of 1, 2-naphthoquinones 
were common in several natural products, which 
were associated with antifungal, antibacterial, 
antiviral and anti tumour activities [5]. Quantum 
chemical vibrational study, molecular property and 
HOMO-LUMO gap energies of zirconium chelate 
of 1, 2 napthoquinone-1-oxime were reported by 
G.S Jagtap et.al [6].  The present paper included 
the optimized structure of Ce (III)-1,2- 
Naphthoquinone-1-oxime calculated employing HF 
level using SDD basic set. The optimized structure 
of Ce(III) 1,2-naphthoquinone-1-oxime  IR data is 
calculated and compared with experimental data. 
Geometrical parameters, bond angle, bond length 
and Mullikan atomic charges of the chelate are 
reported.   
2. Materials and methods 
The ligand 1, 2-naphthoquinone-1-oxime is used as 
GR grade (Aldrich Chemical USA) Cerium  metal 
salt was used from Fluka chemicals with 98.3% 
purity. Deionised water is used  for the synthesis. 
2.1 Preparation of metal chelates 
The chelates were prepared by mixing metal salt 
solution and ligand in 1: 3 proportion. The reaction 
mixture was kept stirring and pH was adjusted to 6-
7 by using ammonia solution. The reaction mixture 
was refluxed for three hours in an oil bath.  The 
precipitate of the chelate was formed. It was kept in 
refrigerator for overnight. The precipitate of the 
chelates was filtered under vacuum and dried 
2.2 Instrumental Analysis 
Elemental analysis was carried out with a Perkin 
Elmer 2400 series for C, H, O and N. 
The IR spectra were recorded on a Thermo Fischer 
FTIR spectrophotometer iD5 model in a KBr 
matrix and in the range of 4000 – 400 cm-1.  
2.2.1 Computational details 
The theoretical calculations in the present work 
were performed with Gaussian 09 W computer 
software code employing Hartree – Fock (HF/ 
SDD) basis. 
3. Result and discussion  
The infrared spectra of Ce (NQO)3 metal chelates 
was expected to show the frequencies for -O-H, 
>C=C, >C=O, >C=N, =N-O, M-O and M-N 
stretching  as well as  bending frequencies at about 
3600 ,1620,1700,1680,1300 and 600 cm
-1 
respectively.  
All these frequencies were not sufficient to 
investigate the mentioned metal chelate. Due to 
complicating factors of IR, stretching and bending 
regions become more complex. In co-ordination 
chemistry bending region is more important. Thus, 
IR stretching frequencies of M-O & M-N are more 
important In the present work selected frequencies 
which, were directly involved in chelate formation 
are significant. Hydroxyl-O-H stretching 
frequencies which, was present in ligands and may 
or may not be present in their corresponding 
chelates were relevant. M-O & M-N stretching 
frequencies along with C=O, C=N and N-O were to 
be considered for structure determination. The 
calculated harmonic frequencies of  Ce (III) metal 
chelate of 1,2 –naphthoquinone-1-oxime at HF 
using basic set SDD symmetrised in table No. 1 
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Table No.1 Wave numbers  of cerium 1, 2- naphthoquinone-1-oximates by HF 
Sr. No FREQUENCY INT. EXP CM 
-1
 INT. ASSIGNMENT 
1.  51.23445 0.755 51.63 97.5 Deformation ring 
2.  75.37585 6.534 67.97 97.2 Deformation ring 
3.  100.4454 14.195         C-O Bending 
4.  106.6679 21.021   C-H Bending o.p 
5.  115.9561 2.992   C-H Bending o.p 
6.  133.3116 7.325 126.30 88.20 O-H Bending 
7.  185.3089 1.891 181.77 84.30 C-H Bending o.p 
8.  187.1329 7.636   C-H Bending o.p 
9.  198.9072 2.44   C-H Bending o.p 
10.  205.7016 25.116   C-H Bending o.p 
11.  214.6079 17.258   M-N Bending 
12.  242.821 154.302 234.38 96.20 M-N Bending 
13.  248.2835 125.357   M-O Bending 
14.  276.717 323.404 285.34 94.50 O-H Bending 
15.  307.0087 4.008   N-O Bending 
16.  314.3123 279.339 309.10 94.20 O-H Bending 
17.  327.9353 1.003   O-H Bending 
18.  350.2527 922.969   C-H Bending o.p 
19.  358.3619 430.313   O-H Bending 
20.  378.9493 279.019 380.20 96.22 O-H Bending 
21.  389.8154 311.0956   C-H Bending o.p 
22.  394.2348 18.707   C-H Bending o.p 
23.  400.045 91.883 407.89 98.60 C-H Bending o.p 
24.  425.6713 147.257   O-H Bending 
25.  434.3058 29.779 432.30 98.35 O-H Bending 
26.  448.4893 1362.594   O-H Bending 
27.  500.9198 3.653   Ring Vibration  
28.  507.3665 1.175   C-H Bending o.p 
29.  507.7731 0.523   C-H Bending o.p 
30.  517.6474 99.056   C-H Bending o.p 
31.   525.8241 377.114   C-H Bending o.p 
32.           535.8 1376.506   O-H Bending 
33.  575.6174 366.088   O-H Bending 
34.  594.9575 44.573 596.11 74.848 M-N Stretching 
35.  605.7723 661.803   M-N Stretching 
36.  615.3749 1548.404   M-O Stretching 
37.  644.5798 174.783 637.47 74.223 C-H Bending o.p 
38.  655.8449 15.191 653.20 76.229 C-H Bending o.p 
39.  662.3343 342.639   M-O Stretching 
40.  682.5142 279.567   C-H Bending o.p 
41.  694.5507 15.503   C-H Bending o.p 
42.  695.6622 204.518   O-H Bending 
43.  708.0977 15.843   C-H Bending o.p 
44.  715.3842 133.611   C-H Bending o.p 
45.  734.0204 39.853   C-H Bending o.p 
46.  750.4677 8.619   C-H Bending o.p 
47.  758.0763 8.844 757.55 86.463 C-H Bending o.p 
48.  782.5065 8203.14   C-O Stretching 
49.  789.1308 2711.22   C-H Bending o.p 
50.  794.4413 205.735   C-H Bending o.p 
51.  834.0801 7.264   C-H Bending i.p 
52.  835.9041 338.78   C-H Bending o.p 
53.  839.8656 181.795 838.76 83.174 C-N Bending o.p 
54.  867.9001 6.708   C-H Bending o.p 
55.  911.1783 1.565   C-H Bending o.p 
56.  923.4266 0.695   C-H Bending o.p 
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Sr. No FREQUENCY INT. EXP CM 
-1
 INT. ASSIGNMENT 
57.  926.5825 27.195   C-O Stretching 
58.  926.6842 8.032   C-H Bending o.p 
59.  952.128 4.079   C-H Bending o.p 
60.  952.2848 12.093   C-H Bending o.p 
61.  963.186 0.5811   C-H Bending o.p 
62.  972.1255 4.339   C-H Bending o.p 
63.  981.8469 7.059   C-C Stretching 
64.  989.5913 138.679   C-C Stretching 
65.  1029.51 55.425   C-H Bending i.p 
66.  1030.536 20.523 1032.80 67.416 C-H Bending i.p 
67.  1063.016 3.115 1054.35 70.53 C-H Bending i.p 
68.  1065.807 11.699   C-H Bending i.p 
69.  1084.265 253.632   N-O stretching 
70.  1101.171 272.532 1107.33 65.829 C-H Bending i.p 
71.  1125.711 1583.278   C-H Bending i.p 
72.  1137.917 199.322 1131.10 65.661 N-O stretching 
73.  1159.005 34.94 1149.87 66.79 C-H Bending i.p 
74.  1176.742 478.708   C-H Bending i.p 
75.  1186.581 587.881   C-H Bending i.p 
76.  1197.618 5.388   C-C Stretching 
77.  1217.119 73.291 1212.58 81.273 C-C Stretching 
78.  1229.045 43.005   C-C Stretching 
79.  1231.895 103.836 1233.05 82.346 C-C Stretching 
80.  1250.862 56.791   O-H Bending 
81.  1269.939 111.33   O-H Bending 
82.  1274.945 110.33   C-C Stretching 
83.  1292.571 12.893 1292..62 87.437 C-C Stretching 
84.  1302.436 215.123   C-C Stretching 
85.  1321.175 1411.049   C-H Bending i.p 
86.  1341.031 24.285 1342.61 85.452 C-H Bending i.p 
87.  1351.652 529.144   C-H Bending i.p 
88.  1373.113 20.58   C-C Stretching 
89.  1400.655 453.06   C-O Stretching 
90.  1424.619 358.001   C-O Stretching 
91.  1426.383 209.698   C-C Stretching 
92.  1443.722 190.068 1455.56 89.393 C-N Stretching 
93.  1472.274 118.352 1475.54 88.351 C-N Stretching 
94.  1485.396 9.196   C-N Stretching 
95.  1512.464 1427.583   C-C Stretching 
96.  1520.548 48.832   C-C Stretching 
97.  1525.689 35.416   C-C Stretching 
98.  1537.352 270.556 1539.68 81.049 C-C Stretching 
99.  1708.963 38.34 1716.39 95.027 C-N Stretching  
100. 2891.252 4.038   C-H Stretching unsym. 
101. 2891.252 0.062   C-H Stretching unsym 
102. 2898.988 31.115   C-H Stretching unsym 
103. 2901.041 6.483   C-H Stretching unsym 
104. 2903.001 24.402   C-H Stretching unsym 
105. 2903.5 21.971   C-H Stretching unsym 
106. 2914.528 190.022   C-H Stretching unsym 
107. 2915.648 25.725   C-H Stretching unsym 
108. 2916.063 547.508   C-H Stretching sym. 
109. 2916.971 73.661   C-H Stretching sym 
110. 2945.922 33.046   C-H Stretching  
111. 2992.576 127.608 2980.88 90.121 C-H Stretching  
112. 3276.164 1275.2   O-H Stretching 
113. 3327.746 571.565 3565.98 95.634 O-H Stretching 
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O-H vibrations  
The hydroxyl group  showed  four types of 
vibrations, ν OH, ϒ OH, and ∂ OH, of which not 
only stretching but also out of plane deformation. 
The ν OH mode at 3267.164 and 3327.746 cm-1 
calculated in HF level.  The experimental IR 
spectra for these vibration frequencies were noticed 
at  3565.98 cm
-1
.  The OH vibration spectra of 
above titled compound were observed at 1250.82, 
1269.36 cm
-1. The ν OH mode was observed   in 
the FTIR spectra at 126.30, 285.34, 309.10, 380.20, 
432.20 cm
-1
. These are predicted by HF at 133, 
276, 314, 378,434 cm
-1
 respectively. It is observed 
that –OH vibration from experimental IR match 
well with spectra obtained for HF level.    
C-H Vibrations  
The structure of naphthalene showed structural 
vibration in the region 3250-2950 cm
-1
. The region 
3250-3100 cm
-1
 was for symmetric   stretching and 
3100-2950 cm
-1
 for unsymmetrical stretching
 
[10]. 
In this present work the FTIR spectra of C-H 
stretching vibration were observed 3565.98, 
3648.41 and 3674 cm
-1
.  These spectra were 
Predicted at 3276.164 and 3327.74 cm
-1
  in HF 
level. The bending vibration (In plane and out of 
plane) was noticed at 185-205,389-400,507-
525,644-655,708-778,789-923,926-972, 1030-
1063, 1101-1186 cm
-1
. These frequencies 
experimentally noticed at 181.77, 407.89, 637.47, 
653.20, 757.55, 838.76, 1054, 1107, 1131.10, 
1141.87.  These frequencies are well agreements 
with the experimental and calculated data.  
C=N   vibrations  
The C=N stretching frequencies  was observed at 
1708.96, 1443.72, 1472, 1485.39 cm
-1
 in FTIR 
spectra of title compound.  These frequencies were 
noticed at 1455.56, 1475.54 and 1716 cm
-1
. The 
bending frequencies of C=N is observed at 839.86 
cm
-1
 in FTIR spectra. While, in HF/SDD level it 
was predicted at 838.76 cm
-1
.  
N-O vibration  
N-O bending vibration not noticed in FTIR spectra 
of titled compound. This bending frequency is 
predicated 307.08 cm
-1
 in HF/SDD level. N-O 
stretching vibration exhibit at 1084.26 and 1137.91 
cm
-1
 in HF/SDD level.  These frequencies were 
noticed at 1131.10 cm
-1
   
 
M-O and M-N stretching  
The M-O- stretching frequencies of metal chelate 
were observed in the range between 650  to 690 
cm
-1
. In this stretching electron rich aromatic 
systems are imparted due to easily delocalizable π 
electrons. Thus in this region an aromatic ligand 
display additional number of bands. These bands 
seriously interface with the metal ligand bands as 
they were retained in the metal chelates and many 
times overlap with M-O- and N-O- frequencies. 
Therefore the assignment of M-O-stretching was 
based upon comparison spectrum of ligand with 
corresponding chelates. The M-N bending 
frequencies were noticed at 214.60 and 242.82 cm-
1and M-N bending frequencies are calculated at 
594.95 and 605.77 cm
-1
 in HF/SDD level. These 
frequencies are noticed at 596.11 in FTIR spectra. 
In case of M-N bending and stretching frequencies 
were observed at 248.28 ,615.67 and 662.33 cm
-1
 
respectively in HF/SDD level. 
 
 
                                            Fig .1     Molecular structure of cerium 1-oximate   
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Molecular geometry   
The structural parameter of Ce (NQO) 1 in optimized state was calculated by ab initio HF/SDD basic set. 
According with atomic no scheme in fig 1 the value of bong angle and bond length   were listed in table no. 2 
Table No.2   Bond angle and Bond Length of Ce (III) 1, 2-Naphthoquinone -1-oxime 
Bond Length (A
0
) Bond Angle 
O
C 
C1-C2 1.404 -- -- 
C2-C3 1.405 C1-C2-C3 120 
C4-C3 1.402 C4-C3-C2 119 
C5-C4 1.398 C5-C4-C3 120 
C6-C5 1.399 C6-C5-C4 120 
H8-C1 1.070 H8-C1-C2 120 
H9-C2 1.070 H9-C2-C1 119 
C10-C3 1.401 H7-C10-C3 120 
C11-C4 1.401 C11-C4-C3 119 
C12-C11 1.401 H14-C11-C4 119 
H14-C11 1.070 H13-C6-C1 120 
H15-C12 1.070 C14-C11-C4 119 
H16-C13 1.069 H16-C13-C10 119 
C19-C20 1.40 C19-C20-C21 120 
C21-C22 1.40 H25-C18-C17 119 
H25-C18 1.401 C34-C35-C36 119 
C31-C30 1.400 C42-C47-C46 119 
C30-C27 1.401 H41-C34-C35 119 
H40-C33 1.609 N51-O54-H60 109 
N49-O52 1.360 C43-N51-O54 123 
N51-O54 1.360 C46-O55-Ce61 114 
O54-H60 0.959 H59-O53-N50 109 
O56-C30 1.247 C27-N50-O53 122 
Ce61-O55 2.29 C5-N49-O52 122 
O53-N50 1.360 N49-O52-H58 109 
H59-O53 0.959 C6-O57-Ce61 114 
O57-61Ce 1.279 O57-Ce61-O65 69 
O60-61Ce 2.309 O55-Ce61-O62 112 
H64-O62 0.960 C43-N51-Ce61 113 
O65-61Ce 2.310 C27-C50-C61 115 
Mulliken atomic charges. 
Mulliken charges take place from the mulliken population analysis 
[7-8]
. Mulliken charges based on the linear 
combination of atomic orbitals & molecular orbital methods and are routinely used as variables in linear 
regression QSAR 
[9]
. The electron distribution of Ce (NQO) 1 is studied and determining population of electron 
of each atom in the defined basis function, these calculation was carried out using HF/SDD basic set.  Mulliken 
atomic charges of  Ce (III) 1,2- Naphthoquinone-1-oxime were presented in table no .2 
 Table No.3   Mulliken atomic charges of  Ce (III) 1,2- Naphthoquinone-1-oxime 
Sr. No. Atom Atomic charge Sr. No. Atom Atomic charge 
1.  1  C -0.394162 35. 35  C 0.431618 
2.  2  C -0.502188 36. 36  C 0.115608 
3.  3  C 0.448818 37. 37  C -0.269529 
4.  4  C 0.138958 38. 38  C -0.293202 
5.  5  C 0.274953 39. 39  H 0.231529 
6.  6  C 0.262333 40. 40  H 0.219126 
7.  7  H 0.220925 41. 41  H 0.224524 
8.  8  H 0.230608 42. 42  C -0.390697 
9.  9  H 0.214648 43. 43  C 0.243376 
10.  10  C -0.413026 44. 44  H 0.309285 
11.  11  C -0.209246 45. 45  H 0.221406 
12.  12  C -0.367799 46. 46  C 0.455587 
13.  13  C -0.255181 47. 47  C -0.462725 
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Sr. No. Atom Atomic charge Sr. No. Atom Atomic charge 
14.  14  H 0.062514 48. 48  H 0.253579 
15.  15  H 0.211058 49. 49  N -0.660502 
16.  16  H 0.212467 50. 50  N -0.544359 
17.  17  C -0.235536 51. 51  N -0.390266 
18.  18  C -0.414611 52. 52  O -0.524361 
19.  19  C 0.440835 53. 53  O -0.534876 
20.  20  C 0.120982 54. 54  O -0.540315 
21.  21  C -0.336518 55. 55  O -0.594903 
22.  22  C -0.299725 56. 56  O -0.592944 
23.  23  H 0.222289 57. 57  O -0.627751 
24.  24  H 0.212310 58. 58  H 0.332559 
25.  25  H 0.220960 59. 59  H 0.412228 
26.  26  C -0.447527 60. 60  H 0.458168 
27.  27  C 0.235816 61. 61  Ce 2.269961 
28.  28  H 0.318510 62. 62  O -0.847833 
29.  29  H 0.213447 63. 63  H 0.496560 
30.  30  C 0.433908 64. 64  H 0.476167 
31.  31  C -0.430258 65. 65  O -0.859136 
32.  32  H 0.239929 66. 66  H 0.479897 
33.  33  C -0.236362 67. 67  H 0.505486 
34.  34  C -0.397391 -- -- -- 
4. Conclusion-  
The experimental vibration frequencies were 
compared with HF level.  Most of experimental 
frequencies were good aggriment with theoretical 
values.  The Vibration frequencies assignments 
were confirmed with the help of animation facility, 
which is available in Gaussian 09 W software code.  
The molecular geometry of Ce(II) 1,2-
naphthoquinone-1-oxime was good aggriment with 
HF/SDD level   The mulliken atomic charges  were 
calculated and result was showed. 
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